by muscular activity and shivering. Heat is lost 1)\' alteration of radiation, convection and cond u;'tion from the body surface, and by e\'aporative loss from the skin and respiratory tract. The fine control of body temperature is by varying the skin blood flow; the coarse control is by shi\'ering and sweating. The regulation of cutaneous vasoactivity, sweating, and non-shivering thermogenesis is a function of the sympathetic nervous system. The reflex effects of stimulation of heat and cold skin receptor:; control responses to environmental temperature change. Impulses travel to the central nervous system in the dorsal spinal nef\'e roots and the cranial nerves, reach the thalamus, and arc transmitted to the cerebral cortex and to the hypothalamus. The efferent pathway descends to the preganglionic neurones in the spinal cord, to the sympathetic ganglia, and in the jlostganglionic fibres to the end organs.
Cooper (1966) reviewed the role of the hypothalamus, based on animal experiments. It is concerned with the reflex response to environmental temperature change, and it also contains a receptor area which responds to local changes of temperature of 0, 1-0':!C C in the arterial blood perfusing it. This central receptor system responds to changes in endogenous heat production, and adjusts body temperature through the efferent pathways already described.
Experimentally, it appears that noradrenaline and ;i-hydroxytryptamine play a part III hypothalamic thermoregulation, possibly as chemical transmitters, but this remains to be elucidated (Felclherg HlIiii). TEMPEI<An:R1<: H.EGULATIO:\ II\' THE NEWBO]{!'-:
11\'F'\:\T .\damsons and Towel! (IH65), Scopes (1966) and Hey (19T:!) have reviewed various aspects of this subject. The newborn infant is homeothermic, and within a few minutes of birth, if exposcd to culd, can limit heat loss by vaso--constriction and increase heat production by metabolic and, to some extent, muscular activity. By the age of three hours the human infant can treble his oxygen consumption (Adamsons et al. 1965) . He can also respond to heat stress by sweating, vasodilatation and panting. It is believed that brown adipose tissue is an important site of heat production in the newborn infant (Hull 1966) and that noradrenaline is the mediator of the metabolic response to cold. However, control of heat loss is imperfect in the newborn, due to poor thermal insulation, small body size, large surface area to body weight ratio, and the curvatures of the skin surface. Maintenance of body temperature is less efficient in the premature infant than in the healthy full-term infant.
The metabolic response to cold, expressed as the rise in oxygen consumption, correlates best with the difference between skin temperature and environmental temperature (Adamsons et al. 1965) . There is a small range of environmental temperature in which an infant neither gains nor loses heat, and oxygen consumption is minimal. This is known as the neutral thermal environment, and the range of temperature of this environment is higher and more critical for premature and " small for dates" infants than for normal full-term infants. Hey (1972) provides useful guidelines for the desirable effective incubator temperatures for naked infants, of various birth weights, under ideal conditions, and also for nursery temperatures for clothed infants nursed in cots. For example, an infant weighing 1 kg requires an effective incubator temperature of 35° C for the first few days of life, whereas an incubator temperature of 32° C will provide neutral conditions for a 3 kg infant more than two days old.
Conditions which depress the metabolic response to cold include prematurity, birth asphyxia, respiratory distress syndrome with hypoxaemia, symptomatic hypoglycaemia, cerebral haemorrhage, malformations of the brain, and sedation of the infant or of the mother before delivery. Chronic hypoxaemia due to cyanotic congenital heart disease in infants aged more than eight days does not impair the metabolic response to cold unless hypoxaemia is extreme or heart failure present (Bruck, Adams and Bruck 1962) .
The infant with a congenital abnormality requiring surgery may suffer from one or more of the above conditions which predispose to hypothermia. Cooling may begin in an airconditioned labour ward during resuscitation; it may continue during transfer to a surgical centre and during radiological investigations, cannulation of vessels, and other preoperative procedures. France (1957) described rectal temperatures of 28 ·8-36'1 ° C in 12 newborn infants anaesthetized in ambient temperatures of 21-27° C when no attempts at warming were made. Hypothermia contributed to the deaths of two infants in the series. Harrison, Bull and Schmidt (1960) , observing temperature changes in infants and children in a theatre maintained at 21.6-24° C with 75 per cent relative humidity, found a mean fall in temperature of 3 '3° C in neonates; and Calvert (1962) noted similar results when no precautions were taken to limit heat loss. The result of failure to maintain body temperature is an increase in mortality, and at a body temperature below 32° C, when the human infant becomes poikilothermic, the outlook is serious. The cause of death is not always obvious. Recovery from anaesthesia is slow, and there is an increased risk of vomiting and inhalation of vomitus. Respiration is depressed, the heart rate is slow, and the blood pressure and cardiac output are lowered. Arrhythmias are not, however, common. Energy stores may be depleted and metabolic acidosis may occur after prolonged exposure to cold (Scopes 1966) . Muscle activity is poor, the infant is lethargic, and resumption of normal feeding is delayed (Hackett 1960) . Peripheral oedema is often present, but sclerema is seen only occasionally. It may be difficult to detect signs of infection and surgical complications, and the infant's inactivity will increase its susceptibility to postoperative pulmonary complications. Paralytic ileus is common, and a bleeding disorder may occur, at body temperatures below 32° C (Hey 1972) .
Attention must therefore be paid to the control of body temperature from the moment of birth. Resuscitation should be carried out under a suitable heater, or if this is not available, the infant may be wrapped in a silver swaddler (Baum and Scopes 1968) . During transport the infant should be wrapped and carried in an efficient incubator in a warm ambulance. If the ambulance temperature is low, the incubator wall will be considerably cooler than the temperature registered by the incubator thermometer and the environmental temperature for the infant will therefore be significantly lower than the temperature reading (Mann and Mount 1969) . Storrs and Taylor (1970) suggest that the incubator should be covered with a metalized blanket to minimize heat loss. It is also important to realize that in a cool nursery, a theatre corridor, or a radiology department, a naked infant may lose heat by radiation to the cool incubator walls. Evaporative heat loss from skin and respiratory tract occurs unless a relative humidity of 50 per cent is maintained around the infant. Many seriously ill infants, especially those needing artificial ventilation or other special techniques such as exchange transfusion, are now nursed under radiant heaters for ease of access without disturbing the thermal environment.
During operation, body temperature must be monitored, using an oesophageal or rectal thermistor probe, as indicated by the site of operation. It is usually unnecessary to raise the theatre temperature to 2So C as recommended by Rackow and Salanitre (1969) since this will produce most uncomfortable conditions for the attendants. A temperature of 24°C appears to be satisfactory for both patient and operating team. All areas of the infant except the operation site should be wrapped, including the head. The infant should lie on a circulating warm water mattress at a known temperature and well insulated from the skin to avoid burns. The anaesthetic gases should be warmed and humidified, and all infused fluids should be warmed to body temperature. If these precautions are taken, a significant fall in body temperature is rare.
TEMPERATURE CONTROL IN THE ANAESTHETIZED

PATIENT
Depression of heat regulating mechanisms results in a fall in body temperature. Anaesthetic agents and many drugs used to supplement anaesthesia produce this effect by depressing the hypo thalamic thermoregulatory area, by reducing afferent stimuli from cutaneous receptors, by abolishing shivering and voluntary muscle activity, by depressing metabolism, and by causing cutaneous vasodilatation. The anaesthetized patient is therefore poikilothermic and, in air-conditioned theatres at 21 0 C, cooling takes place to some degree in adults and to a greater degree in children and infants (Morris 1971; Harrison, Bull and Schmidt 1960; Hercus 1960) .
In older children and adults a small fall in body temperature causes no problems during anaesthesia, and is often considered harmless. However, during awakening, when temperatureregulating responses return, shivering and vasoconstriction occur and oxygen consumption rises considerably. Roe et al. (1966) reported an average rise in oxygen consumption of (IS per cent in the early postoperative phase in adults whose body temperature fell by more than O· 2° C during operation, and a rise of 92 per cent after a fall of body temperature of 0·3-1'2° C. Prys-Roberts (1967) described an adult whose oxygen consumption while shivering was 500 per cent of the basal level. This may contribute to postoperative hypoxaemia, especially in patients with cardiac or respiratory disease. Vasoconstriction and peripheral cyanosis may cause confusion when assessing cardiac output and respiratory function. Shivering may cause respiratory obstruction and may jeopardize the success of some surgical procedures. Discomfort from cold may increase the need for narcotics in the postoperative period.
The subject of theatre climate deserves greater attention from surgeons and anaesthetists (British Medical Journal 1971) and since an ambient temperature of 21 0 C is customary, except during surgery in infants, methods of limiting heat loss are desirable.
Warming mattresses are used in infancy, but have not been widely used in older children and adults. A heat-retaining mattress containing methyl cellulose gel (Vale and Lunn 1969) is an alternative to a circulating water mattress and lessens the risk of burns. It seems wise to avoid the use of electric blankets because of the likelihood of accidental burning.
Circuits used in paediatric anaesthesia in this country predispose to heat loss. The Ayre's T-piecc, in which large flow rates of cool, unhumidified gases are used, may, in an intubated patient, cause significant heat and fluid loss. Even in adults, a non-rebreathing circuit can produce a similar result Sara 1973, Dery 1973 ). Brown (1972) showed that the use of a venturi bronchoscope attachment in children causes significant cooling. Heat and fluid loss from the respiratory tract can be minimized by the use of warmed humidified gases. Conversely, warming of a patient who is suffering from accidental hypothermia can be facilitated in the same way Sara 1972, Lloyd 1973) . Monitoring of gas temperature is essential, and it is desirable that cooling and condensation should not occur in the delivery tube exposed to theatre temperature. The delivery tube can be warmed from within (Spence and Melville 1972) or insulated from without (Lunn, Mapleson and Hillard 1971) .
Care must be taken during monitoring of body temperature that the oesophageal probe is situated beyond the range of cooling by ventilatory gases (Whitby and Dunkin 1970) .
Anaesthl'sia and Intensive Care, Vol. J, No. 6, November, 1973 Of the commonly used anaesthetic agents halothane seems most likely to predispose to heat loss (Harrison, Bull and Schmidt ] 960). Roe et al. (1966) noted that postoperative oxygen consumption was higher after halothane than after other inhalational agents, and that this was associated with a very early onset of shivering.
The action of certain drugs used during general anaesthesia may be prolonged at low temperatures. Cannard and Zaimis (1959) showed that the action of depolarizing muscle relaxants is increased and prolonged, but that of non-depolarizing muscle relaxants is decreased in intensity but not duration. During warming, the reverse situation is seen. In clinical practice prolongation of action of d-tubocurarine is seldom seen during warming, but it may be a factor in postoperative respiratory depression in the hypothermic neonate (Salanitre and Rackow 1961) . The action of drugs which depend on hepatic and renal mechanisms for excretion may be prolonged at low temperatures.
MASSIVE BLOOD TRANSFUSION
The problems of massive blood transfusion in adults have been discussed by Boyan and Howland (1961) and by Churchill-Davidson, Burton and Bennett (1968) . Schroeder and Forbes (1969) discussed massive blood replacement in neonates and infants. Hey, Kohlinsky and O'Connell (1969) measured the heat loss from babies during exchange transfusion, which can be regarded as a form of massive transfusion if the definition of replacement of half the patient's blood volume in an hour (Stewart 1962 ) is accepted.
The deleterious effects on the cardiovascular system of massive transfusion of blood at 4 0 C are a result of the interaction of many factors. Cold blood has a direct effect on the heart, especially if infused through a centrally situated catheter. Metabolic acidosis may be due to acid-citrate-dextrose (A.C.D.) and to poor tissue perfusion resulting from the condition which necessitates the transfusion. Citrate levels are increased if body temperature falls, since citrate metabolism is depressed at low temperatures; cardiac depression may then occur. The plasma potassium of cold stored blood is increased and the level of ionized calcium in the patient's blood falls during massive blood transfusion; disturbance of the calcium-potassium balance may lead to cardiac arrhythmias.
Nevertheless massive blood transfusions are usually tolerated well by children if the blood is adequately warmed and tissue perfusion remains good. Boyan (1963) found that blood warming alone reduced the incidence of cardiac arrest in adults receiving massive transfusions from 58·3 to 6·8 per cent. Blood given in large quantities should be as fresh as possible to minimize the changes due to storage, and it appears that citrate -phosphate -dextrose (C.P.D.) anticoagulant, when compared with A.C.D., confers benefits of a higher pH, better red cell survival and function, and a somewhat smaller potassium leak from cells (Mollison] 972). While the routine use of calcium gluconate is still recommended by Burton (1968) and Schroeder and Forbes (1969) , the author of this paper has been impressed both with the infrequency of clinical indications for its use and the occasional adverse effects (Howland, Schweitzer and Boyan 1964; Brine 1972) . The routine use of sodium bicarbonate during massive infusions, especially if tissue perfusion is inadequate, is more rational.
Thermostatically controlled water baths, used in association with plastic transfusion coils or other heat exchangers, facilitate warming of infused blood. The efficiency of warming depends on the heat exchanging properties of the plastic, the coil capacity, and the rate of flow of the infusion. Temperature monitoring of the water bath is essential. HYPERPYREXIA A rise in body temperature during anaesthesia is rare. However, many paediatric patients who present for emergency surgery suffer from the effects of severe infection and are febrile and dehydrated. In the past, failure to appreciate that such children were seriously ill led to significant morbidity and mortality, hyperpyrexia being a terminal event in some cases. Pledger and Buchan (1969) , reviewing deaths from acute appendicitis in childhood in England and Wales, noted that hyperpyrexia and convulsions still occurred and were frequently associated with dehydration. Waltemath (1969) , reviewing the pathophysiology and anaesthetic management of the febrile patient, emphasized the importance of cellular hypoxia and acidosis. With the modern approach to efficient preoperative, operative and postoperative fluid and electrolyte therapy, control of infection, control of environmental temperature, and modern anaesthesia, hyperpyrexia of this type should seldom occur.
In recent years the literature contains many reports of patients who, in the absence of obvious causes, have developed unexplained pyrexia and often muscular rigidity during the course of general anaesthesia, which usually Anaesthesia alld Intensive Care, Vol. I, No. 6, November, 1973 includes halothane, suxamethonium or both of these agents. Britt, Locher and Kalow (1969) , Britt and Kalow (1970) and Relton, Britt and Stewart (197a) have reviewed the subject thoroughly; King, Denborough and Zapf (1972) and King and Denborough (197a) have described the Australian experience.
H.elton et al. (1972) have prepared a protocol for treating the established condition; and work on the aetiology is proceeding in a number of centres. It is proposed to comment only briefly on a few aspects which may affect paediatric anaesthetists. Britt and Kalow (1970) , basing their calculation on cases at the Hospital for Sick Children, Toronto, suggested an incidence of about one in 14,000 in children. Most of the reported cases have been in the first three decades of life, and the mortality is about 64 per cent. Of 89 patients reviewed by Britt and Kalow (1970) , 55 were males. Among 19 Australian patients reported by King, Denborough and Zapf (1972) there were no females. The numbers of patients undergoing orthopaedic operations, and the numbers with congenital muscular or musculoskeletal disorders, are significant. Anaesthetists assessing patients having operations for kyphoscoliosis, talipes, congenital hip dislocation, recurrent joint dislocation, strabismus correction, ptosis correction and hernia repair must have a high index of suspicion. While the finding of a high creatine phosphokinase (C.P.K.) level preoperatively in such a patient would be of warning value, the routine screening of patients is not yet possible and would be of doubtful value. However, if the patient or a member of his family gives a history of anaesthetic difficulties in the past, or if there is a history of myopathy or musculoskeletal disorder of obscure nature in the family, enzyme studies (C.P.K., glutamic oxalacetic transaminase, lactic dehydrogenase) of the patient and his family should be done. King et al. (1972) described several children who suffered from malignant hyperpyrexia and who showed some or all of the following features: antimongoloid obliquity of the palpebral fissures, webbing of the neck, small chin, low attachment of the ears, undescended testes, short stature, kyphosis, lordosis and pectus carinatum. This appearance should be sufficiently unusual to alert the anaesthetist. It is o(interest that in a series of 42 patients with Duchenne's pseudohypertrophic muscular dystrophy who received 61 anaesthetics, hyperpyrexia did not occur (Richards 1972 ). It appears that patients with unusual or subclinical myopathies (King et al. 1972 ) are at greater risk.
In paediatric anaesthetic practice the problem of anaesthesia for children who have had, or are thought to be at risk from, malignant hyperpyrexia, may arise, since local or regional techniques may not be suitable. A personal case, one of those reported above by King et al. (J!J72) , has been anaesthetized uneventfully using thiopentone, nitrous oxide and oxygen, d-tubocurarine, droperidol and phenoperidine.
Temperature monitoring is essential in all patients considered to be at risk. In many centres monitoring of all anaesthetized patients is carried out and should enable early detection and treatment of this rare but lethal complication of anaesthesia.
